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ABSTRACT:
Past failure risk studies of uplift resistance in wood-frame residential construction have tended to focus on a few key
connections in isolation. Proposed here is a probabilistic modeling framework for evaluating uplift resistance in
residential structures that (1) considers both the obvious connections and many of the less obvious connections in the
vertical load path and (2) accounts for composite resistance of parallel elements in the load path. Connection capacities
are based on applicable design provisions and cumulative dead load. Formulating connection capacity in units of force
per unit length of wall permits direct comparison of relative connection strengths. System resistance is evaluated by
Monte Carlo simulation using a weakest-link failure criterion, providing a way to assess the overall impact of different
connection configurations.
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1. INTRODUCTION
Probabilistic modeling of the resistance of wood-frame residential structures to wind uplift forces
has been the subject of many failure risk studies (Ellingwood et al, 2004; Masoomi et al, 2018;
Standohar-Alfano et al, 2017). Often such analyses have focused on a few critical links in the
vertical load path, such as the roof-to-wall connection. The present study proposes a more
comprehensive modeling paradigm for the vertical load path that seeks to (1) represent both the
primary and secondary connections and (2) approximate the composite resistance of parallel
structural elements in the load path. For instance, nailed connections between the wall framing
members act in series, but wall sheathing connections act parallel to the framing connections in a
way that strengthens the wall system overall. A typical, single-story, exterior-wall load path
observed during damage surveys conducted after the March 3, 2020 Nashville-Cookeville tornado
is taken as a test case to illustrate the modeling framework, consisting of hurricane-clip roof-towall connections, fully-sheathed stud walls, and unreinforced masonry stem wall foundations.

2. COMPOSITE RESISTANCE MODEL
The connections considered in the illustrative model are noted on the left-hand side of Fig. 1.
Following IRC 2012 prescriptions for connection design in non-high-wind regions, mean uplift
capacities (in lb/ft. of wall) are computed from applicable design criteria for wood and masonry
connections; design capacity variances are either conservatively assigned or drawn from published
work where available. Total uplift capacity is the sum of the connection design capacity and the
normally-distributed cumulative dead load. Depicting uplift capacities as in the left-hand plot in
Fig. 1 affords direct visual comparison of the relatively strong and weak links in the load path.
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Figure 1. (L) Estimated mean uplift capacities for the connections in the vertical load path, visualizing the
contribution of dead load at each point; error bars represent ±1 standard deviation. [Note: 1 lb/ft. = 14.59 N/m.]
(R) Monte Carlo simulation results indicating how frequently each connection is found to be the weakest link in the
system; frequency is plotted on a logarithmic scale for clarity.

The overall resistance of the load path is evaluated by Monte Carlo simulation, where system
failure is based on failure of the weakest connection in series (i.e. capacities of parallel elements
are summed to form a load chain composed only of connections in series). Simulation output takes
the form of the right-hand plot in Fig. 1, which gives the results of a 20,000-run simulation of the
system given the connection capacities plotted in Fig. 1. The “weakest-link probability”
corresponds to the frequency with which each connection is the weakest in the series and thus
triggers system failure; because the model aims to capture the composite behavior of parallel
elements, the weakest link is not necessarily the connection with the least individual capacity.

3. CONCLUSIONS
By taking a higher-resolution view of the vertical load path, the composite-resistance modeling
framework described here can be used to examine the relative strengths of connections in realistic
vertical load paths and to explain why failure is far more likely to initiate at some points than at
others. By providing a way to evaluate the impact of different connection configurations or retrofits
to the overall system resistance, it can also be used to demonstrate why focusing attention on a
single connection (e.g., hurricane clip) may not have a substantial effect on the system capacity.
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